Abstract -A status report on tn-and dicoordinated cations of boron is presented. Tricoordinated 1,3,2-dioxaborinium salts, described in the literature, are actually tetracoordinated species. However, salts of type R2BL•X can be prepared from boron triflates R2Btf (R = n-CHg, C6H5, 1,3-dimethyl-1,3,2-diazaborolidinyl) and 2,6-lutidine, or by addition of triflic acid on 2-dimethylamino-1,3,2-diazaborolidines. The formation and stabilisation of dicoordinated boron cations of type R2N=B=NR2, R2N=B=OR and R2N=B-R depends both on electronic and steric factors as well as on the nature of the counter ion. The most stable salts contain the bis(2,2,6,6-tetramethylpiperidino)boron(1+)-cation. No evidence is yet available for dialkylboron cations.
The chemistry of monoborane derivatives is primarily governed by simple acidbase interactions, while the chemistry of boron oxygen compounds is dominated by the chemistry of anionic borates. However, about twenty years ago Mikhaiby and Parry 2) convincinoly showed that not only molecular species but also tetracoordinated boronium ions play an important role, and since then the chemistry of these cations has been amply developed, primarily by Ryschkewitsch . Many salts containing cations of the type X2BL2, XBL32 and BL43+ have been characterized. The number of known species decreases with increasing charne of the cation. In addition, scattered information relatinç' to tricoordinated and even dicoordinated boron cations appeared in the literature 4), and it was only until recently that the existence of dicoordinated boron cations was firmly established 5) The few examples so far reported indicate that tn-and dicoordinated boron cations may belong to a rather exotic class of boron compounds. Therefore, a status report seems to be appropriate. It will be shown that cations of boron with low coordination number play a more important role as previously anticipated in the chemistry of mononuclear boron compounds. In this report we shall concentrate on tn-and dicoordinated Since these must formally be regarded as boron atoms possessing electron sextetts and quartetts electronic stabilisation is essential. A non stabilised situation is unfavourable for a more than transient species, and it is a consequence of considerable importance to find out the limiting factors for their detection, characterization and isolation as salts.
Tricoordinate Boron Cations
According to work reported by Balaban and coworkers in 1965,stable salts contaming tricoordinate boron cations were obtained in the reaction of phenyl-boronic acid with 1,3-diketones in the presence of anhydrous perchloric acid 6):
Ph-B'
C104 + 2 H20 (1) Evidence presented for this type of compounds was a fairly high melting point, correct analysis and proton nmr. In addition 11B was reported as 32,8 ppm, which, of course, is typical for tricoordinated boron.
We have repeated Balabans preparation, and, in addition also prepared the corresponding triflates. Our 11B -nmr-data, however, clearly indicate the presence of tetracoordinated boron (11B 5 -7 ppm). Hydrolysis of the compounds in CH2C12 gives rise to an 11B-nmr-signal at 33 ppm, and this was confirmed as phenylboronic acid. There is therefore no evidence that Balaban's compounds are tricoordinated boronium salts, although we do not dispute that dioxaboronium salts may exist under certain conditions.
Considering possible routes to salts containing tricoordinated cations of boron two strateaies can be developed: i) the nucleophilic displacement of a boron bonded anionic species X by a suitable base o.r ii) the removal of a group as an anion from a tetracoordinated borane adduct.
The nucleophilic displacement of a group X by a base L will certainly be favoured if X represents a good leaving group and if the bond to be broken is a weak bond. Amoncist the halides iodine is of course suitable in terms of easy bond cleavacie. A better leavinri riroup, however, is triflate. Therefore, we investigated the action of various Lewis bases on a number of boron halides and boron triflates. There are two types of behaviour: i) the common simple addition and ii) the expected nucleophilic displacement. In contrast, all triflates form salts with 2,6-lutidine. This demonstrates that a good leavina ciroup is very helpful in producing boronium(1+) salts. The most stable salts are those derived from the diazaborolidine. This enhanced stability e.q. over the dibutyl derivative is due to a better charge stabilisation as described by the formulae III, and 11B-, 14 and 3C-nmrdata are in consonance with the suggested structure and bonding. There is fairly little change (AB = -3 ppm) in the formation of III from 1,3-dimethyl-2-triflato-1,3,2-diazaborolidine (1B = 23.3 ppm) in contrast to1B + 8 ppm for IV, while the 11B-nmr signal of tetracoordinated Bu2B-trif.py is found at 12.2 ppm. In addition to nmr data,electrical conductance in CH2C12 fully supports the ionic nature of the compounds.
Abstraction of a halide from a tetracoordinated boron adduct has first been described by Ryschkewitsch 3) , and 11B nmr evidence was given for the equi-
Me-py'BCl2 + AlCl4 (2) 4 Me-py.BC13 + Al Cl3
Me-py.A1C13 + BC13
However, a base displacement (3) may also occur as well as a one electron 7) oxidation. Such behaviour was observed in the reaction of ph2BCl.py with Al Cl3
Reactions of type (2), even if stable salts cannot be isolated, play an important role in substitution reactions of tetracoordinated boron, e.g. for halide displacements under acidic conditions as can be demonstrated by labeling experiments. A typical example is provided for by equation (4).
Me3N-BC13 + 10BBr3 -p Me3NBCl3nBrn + '°BBr3nCln (4) In addition to the two methods discussed a third method may be fairly general too: the addition of a proton to a tris(amino)borane. A stable, solid salt results on treatino 2-dimethylamino-diazaborolidine with 1 mole of triflic acid:
L.N/ 'R > =BNEt2JAlBr4 (7) These reactions and the allenic structure of the boron cations formed were proved by a variety of methods, with nultinuclear nmr spectroscopy providing conclusive evidence for the exclusive formation of tetrahaloaluminates and 13C-nmr for the high symmetry of the cations. Final proof came from an X-ray structure determination. This study showed a linear NBN skeleton with short BN distances and orthogonal arrangement of the C2N moiety of the amino groups.
Thus these cations are truly isoelectronic and isostructural with allenes.
Since the formation of a bis(amino)boron salt from a bis(amino)boronhalide requires the breaking of a boron halogen bond, it is to be expected that boron iodides will be favoured over fluorides in salt formation because the boron iodine bond is the weakest in the series. Indeed, aluminium iodide readily reacts with tetramethyl-piperidino-diethylaminoboron iodide yielding the corresponding tetraiodoborate salt. This is another of the hitherto still rare examples of salts where boron is the central atom in both, the cation and anion, the classical example being Parry's H2B(NH3)2]BH4. However, the new example is the first one in which the boron in the cation is di coordinated.
A large number of halide acceptors allow boron halogen bond breakini, according to equation (6) , and the results are summarized in Table II . It was therefore not surprising that the fluoride, tmpB(NEt2)F, underwent BN cleavage in its reaction with SbF5.
Parry has shown that a solution of bis(dimethylarnino)boron(1+)tetrachloroaluminate decomposed quickly at ambient temperature in contrast to the bis(diisopropylamino)boron salt. Our tetramethylpiperidino-dimethylaminoboron-tetrabromoaluminate was stable for several weeks in the crystalline state. Therefore, increasing bulkiness of the boron ligands should lead to increased stability of the salts. This assumption as well as the need for an additional crystal structure determination led to us to investigate the chemistry of bis(tetramethylpiperidino)boranes. To cut a long story short: the only compound of this class to be fairly readily accessible is (tmp)2BF. However, this is an excellent starting material for salts containing (tmp)2B-cations. Results are summarized as follows.
(tmp2B)AlCl4 Similarly, the tetrachloro-and tetrabromoborates are easily accessible by treating tmp2BF with excess BC13 or BBr3, and gaseous BE3 is produced. The tetrabromoborate can be converted into a tetratriflatoborate by silver tnflate. This compound provides nice crystals. Unfortunately, however, we failed to determine its X-ray structure because the reflexions were very diffuse and typical for plastic crystals.
Interestingly, tmp2BF not only reacted with SbF5 resulting in BE bond breaking and formation of the hexafluoro-antimonate but even with BE3 to yield the tetrafluoroborate. This result indicates that the driving force of the formation of bis(dialkylamino)boron cations is astonishingly high.
Halide abstraction from a boron halide R2BX is certainly a general method for producing dicoordinated boron cations. So far, however, only a few species other than the diaminoboron cations could be reliably detected. Treatment of aminoalkoxyboronhalides with aluminiumhalides produces multicomponent mix-tures, and it was only in the case described by eq. (7) that a tmp-tris(tert. -butyl)phenoxy boron(1+) ion could be characterized by nmr data:
This is surprising considering the fact that tmpB-organyl cations form readily 5) Obviously, the Lewis acid will preferentially attack at the oxygen site of amino-alkoxy boron halides, and only if this is prevented by the very bulky tris(tert.butyl)phenoxy group will the cation form. This is substantiated by the observation that on adding A1X3 or GaX3 to tmpBX2 (X = Cl, Br) no change in 11B is observed, e.g. there is no indication that tmpBX is formed in detectable quantities.
The halide abstraction process, though versatile, has the great disadvantage, that the anion produced will react with nucleophiles and therefore will interfere with the chemistry of the cations. Therefore, we were looking for other Verification of equation (8) The first of these reactions clearly states that it will be very difficult to prepare either bis(tetramethyl-piperidino)boron chloride or bromide, even by this electrophilic route. Therefore, it may be postulated, that these compounds may be ionic rather than covalent, and this would provide another type of isomerism in boron chemistry.
It is evident from the preparative results presented that there is a high propability of cation formation in reactions where boron compounds are treated with a strong Lewis acid. Examples that require these ions as intermediates are the formation of bis(diethylamino)boron chloride from bis(diethylamino)boron fluoride and aluminium chloride or the formation of tmp2B+ in the reaction of tmpBCl2 with BBr3. Moreover, the rate of reactions of aminoboronhalides with Lewis acids depends on the polarity of the solvent thus indicating that ionic or highly polar states are favoured.
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